Background: Ethnic origin affects spirometric prediction values. Our aims were to investigate the effect of ethnic origin on prediction equations in an immigrant-based society, identify possible deviations from commonly used prediction equations and analyze the effect of miscalculation in a large cohort of apparently healthy individuals. Methods: Healthy never-smokers participants from a large Israeli survey underwent lung function testing and were divided into two major ethnic groups: Ashkenazi Jews (AJ) and Sephardic Jews (SJ). Data were analyzed by multiple linear regressions. Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ) and the FEV 1 /FVC ratio were measured according to ERS-ATS guidelines. Results: The study population comprised 3150 individuals (AJ ¼ 1817; SJ ¼ 1333). AJ tended to be older and taller than SJ (all po0.005). Ethnicity entered as a significant regression variable for FVC for both genders and for FEV 1 for females only. The final regression model for both FVC and FEV 1 had R 2 ¼ 0.71 and the standard error of the estimate (SEE) for FVC and FEV 1 were 0.54 and 0.43 L, respectively. The regression model for the FEV 1 /FVC ratio has less statistical strength (R 2 ¼ 0.06, SEE ¼ 6.15%). We found statistically significant underestimates of predicted lung volumes from the commonly used prediction equation for each ethnic group. Conclusions: Ashkenazi and Sephardic Jews have different ranges of normal pulmonary function values. Lung function prediction equations in an immigrant-based society should be based on local and not previously reported regional equations and adjusted for ethnic attributed variance.
Introduction
Ethnic-attributed pulmonary function test variance has been previously shown in the medical literature, [1] [2] [3] [4] [5] [6] and official recommendations have been made. 7, 8 In spite of this, many countries use pulmonary function prediction equations, which are not ethnically tailored. For example, until the publication of the NHANES III pulmonary prediction equations in 1999, 3 most pulmonary function laboratories in the United States used prediction equations for normal values based predominantly on measurements from subjects of European descent. 9 The default prediction equations used in our pulmonary laboratory that are widely used in Israel are also based on European prediction equations, being mainly the European Coal and Steel Community (ECSC) prediction equations. 10, 11 In an immigrant-based society such as Israel, ethnic origin may have a role to play in determining normal pulmonary function values. Regionally based pulmonary prediction equations previously presented, such as Middle Eastern 12 or Mediterranean, 13, 14 may also be inappropriate for the Israeli Jewish population.
This study utilizes the fact that Israel is an immigrantbased society. Approximately one-third of Israeli Jews today are foreign-born, and the majority of the remaining twothirds are first generation native-born in the country. 15 Jews arrived in Israel from some 150 countries of origin in Asia, Africa, Eastern and Western Europe, North and South America and Oceania. Often, Israel's immigrants and their native-born descendants are dichotomously differentiated by origin: Jews of Middle Eastern or North African descent (SJ-Sephardic Jews) and Jews of European descent (AJ-Ashkenazi Jews). Hence, each of these two groups encompasses subjects from multiple nationalities who nevertheless share similar physical characteristics. 16 The present study aims to investigate the differences in normal lung function values between two major ethnic groups, to compare them to the currently used prediction equation in Israel and to widely used prediction equations worldwide and to analyze the possible effect of miscalculation by the use of non-tailored pulmonary prediction equations.
Methods

Population and ethnicity analysis
We analyzed the data collected as part of the Tel Aviv Medical Center Inflammation Survey (TAMCIS), [17] [18] [19] a registered data bank of the Israeli Ministry of Justice. All individuals enrolled were recruited during their routine annual health check-up and gave their written consent in accordance with the guidelines of the institutional ethics committee. A total of 10,851 subjects gave their informed consent. A systematic examination ruled out enrollment bias due to sociodemographic or biomedical variables.
Two thousand one hundred and fifty-seven subjects were initially excluded from the current analysis due to a history of any malignancy, immunosuppressive therapy, chronic lung disease, pregnancy, systemic steroidal or nonsteroidal treatment (except for aspirin at a dose of p325 mg/day), bronchodilator, antihistamine or inhaled steroid use and subjects with an acute infection or who had undergone an invasive procedure (surgery, catheterization, etc.) in the previous 6 months. Excluded in addition, were 3627 individuals with a past or current history of smoking and 825 individuals who did not perform pulmonary function tests or in whom the test was not satisfactory.
We then divided the study population into ethnic groups utilizing a strict criterion whereby each participant's ethnic group was defined by both parents having the same country of birth. Applying this criterion, participants were found to originate from some 40 different backgrounds with group sizes ranging from a handful of cases to samples as large as a few hundred cases. Such a distribution of the major explanatory variable requires the merger of individual groups into wider categories of origin. We thus reconstructed two major ethnic groups of Middle Eastern-North African (SJ) and European (AJ) descent, according to the known Jewish immigration patterns throughout the centuries. 16 All other ethnic origin groups, as well as individuals whose parents originated from different ethnic groups were further excluded from the analysis. 
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Spirometric measurements
Pulmonary function measurements were performed using a computerized spirometer (KoKo Spirometer; Ferraris Respiratory, Louisville, CO, USA). The spirometer displayed an error code after each pulmonary maneuver informing the technician of the acceptability and reproducibility of the tests for the maneuver according to ATS quality criteria. 20 All tests were performed during morning hours by a single highly trained technician. Between three to six tests were performed for each subject until two reproducible and acceptable error-free tests were obtained. Calibration was performed daily.
Statistical analysis
The data were analyzed by multiple regression techniques. Dependent variables considered were forced expiratory volume in 1 s (FEV 1 ), forced vital capacity (FVC) and FEV 1 /FVC. These were regressed against the independent variables of height, age, gender, level of activity and ethnicity. Firstly, forward stepwise regression models were formed without interaction terms. The model that had each included variable significance at the po0.05 level, the highest explained variance (R 2 ) and the lowest standard error of the estimate (SEE) was determined. These independent variables were used for further analysis. The models were then re-estimated by including interactions for gender and ethnicity (if found to be significant) with the other independent variables. Interactions which contributed significantly to the model (po0.05) were retained in the model only if their addition improved the explained variance and reduced the SEE of the model. Simpler models were chosen if the addition of further variables to the equation resulted in only a trivial improvement in R 2 and SEE. The independent sample Student's t-test was used to compare the means of continuous variables, and the w 2 test was used to compare categorical variables. The comparison between the different prediction equations and the measured parameters was made using paired Student's t-test. The lower limit of normal (LLN) was calculated as the lower fifth lung function percentile. 21 The LLN for each pulmonary function test was calculated as the mean predicted value minus 1.645 times the SEE. The McNemar statistical analysis was used to compare the percentages of individuals classified differently as above or below the LLN by the two prediction equations used. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA).
Results
The final study population comprised 3150 individuals (1940 males and 1210 females) with a mean age of 45 years and standard deviation of 10. The baseline characteristics and the mean spirometry parameters of the study population divided into groups according to gender and ethnicity are shown in Table 1 .
AJ tended to be older and taller than SJ and they exercised more frequently (all po0.005). Based on the data collected in our healthy never-smokers cohort, we performed linear regression models in order to estimate the expected normal lung volumes. In all regression models, the coefficients for gender, age and height were highly significant. These findings are in accordance with previously published data and the commonly used equations for predicting lung volumes. 3, 10 Exercise intensity was non-significant or marginally significant with a trivial contribution to the variability of some regression models and is not included in the final models.
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Ethnicity entered all the regression models with the exception of the model predicting FEV 1 for males. The derived prediction equations from our cohort as well as the commonly used equations in Israel of the ECSC, are presented in Table 2 . Figures 1 and 2 Table 2 values were plotted and superimposed above, comparing the two ethnic groups and the ECSC equations.
For FVC, significant regression variables were height, age, gender and ethnicity. We found different y intercepts for each of the four groups according to gender and ethnicity, with different slopes for height and age between the two genders, but no differences in slopes between the ethnic groups within each gender. The final regression model had R 2 ¼ 0.71 and SEE ¼ 0.54 L ( Table 2 and Figure 1 ). For FEV 1 , significant regression variables were height, age and gender. Ethnicity entered the model only as an interaction with gender. In other words, we found that ethnicity influenced the y intercept only in females, and that there was no ethnic influence in males. In addition, the y intercept differed for each gender, with different slopes for height and age between the two genders, but no differences in slopes between the ethnic groups in each gender. The final regression model had R 2 ¼ 0.71 and SEE ¼ 0.43 L ( Table 2 and Figure 2) .
For the ratio between FEV 1 and FVC, significant regression variables were age, height and ethnicity. Gender did not enter the model. We found different y intercepts and slopes for height between the two ethnic groups, with no differences in slope for age or between the genders. The final regression model had R 2 ¼ 0.06 and SEE ¼ 6.15% (Table 2) .
In order to compare some commonly used prediction equations, and to find the most appropriate equations to the studied population, we calculated the mean deviation (measured-predicted) for each participant in our cohort, Table 3 .
To further evaluate the differences in the estimation and the effect of miscalculation, which may lead to the misclassification of individuals, we calculated the LLN 10, 21 according to the ECSC equations as well as the present study equations for each individual and compared the percentage of individuals misclassified. The results are presented in Table 4 .
Discussion
Our results demonstrate pulmonary function testing values' variance in the two major ethnic groups tested and that pulmonary function testing prediction equations differ for men and women in each ethnic group. This finding resembles previous data from other immigrant studies performed in the United States 3 and the United Kingdom, 22 supporting the need for adding the ethnic contribution to lung function prediction equations. However, our finding is unique, since according to the known Jewish immigration patterns throughout the centuries, each ethnic group was comprised of subjects from various origins ranging from Russia to Italy for AJ, and Iran to Morocco for SJ. Despite a common historical descent, the spatial dynamic of Jews, mainly that which transpired between the second and eighth centuries, has shaped two rather distinct sub-populations of AJ and SJ including genetic characteristics. 16 Overall we found that the ECSC was the most appropriate for the Jewish population, especially for males. For FVC, we noted a statistically significant underestimation of the ECSC for Ashkenazi male Jews and an even larger underestimation for females of both ethnic groups. For FEV 1, the ECSC was best for males, as well as for Sephardic female Jews. The ECSC underestimates while the Paoletti overestimates the FEV 1 with the same magnitude for Ashkenazi female Jews. For the ratio between FEV 1 and FVC, we noted small differences in all equations, with the Fallaschetti being most suitable for AJ and SJ. The ratio between FEV 1 and FVC achieved a low statistical significance in our model. However, this finding was not different from previous publications. 3, 12, 23, 24 By comparing the classification of individuals as 'normal' or below the LLN using the present study prediction equation and the commonly used ECSC, we found that by using the ECSC prediction equation, there are approximately 2-4% of individuals that are misclassified as normal compared with the present prediction equation for the lung function parameters tested in men and for the FEV 1 /FVC ratio in women (Table 4 ). There is currently no known valid explanation for the ethnically attributed differences in the normal lung function parameters. 25 In some ethnic groups the proportions of leg length to body height are different, and the use of sitting height as the primary predictor diminishes the differences. 26 Socioeconomic status is a confounding variable, 27,28 but ethnic differences remain significant when adjustments have been made for this factor. 29 There is some evidence that differences in chest dimensions in adults may contribute to ethnic differences in lung function. 25, 30 However, no such difference has been found to be significant in children. 31 We acknowledge several limitations and possible confounders not accounted for in our study design. Firstly, the TAMCIS is a health survey service utilized by employers for the routine annual health examinations of their employees. This may cause a selection bias due to the ''healthy worker effect'' where unemployed subjects, including those that are unemployed due to medical reasons, are excluded from the study population. In addition, health surveys such as the TAMCIS are utilized as employment benefits offered to executives and higher paid personnel. Thus, it is important to note that socioeconomic status, mentioned above as a possible confounder, is probably higher in our study cohort compared with the general population, and was not used in our analyses. Industrial workers constitute less than 2% of our cohort and their exact occupational exposures are unknown. Although we could not adjust for this possible confounder, we believe that its influence on our results is negligible. We further note that we did not adjust to sitting height and chest size, both of which are not routinely measured in the TAMCIS. Another possible limitation is the fact that the selection of subjects is not random and that the data obtained is not population based, so may therefore misrepresent the whole Jewish population as well as other major ethnic groups in Israel (including the Arab population and other ethnic groups, which do not fall within the umbrellas of SJ or AJ).
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We believe that the most clinically relevant finding from the current study is the significant differences found between the commonly used prediction equations-including the European prediction equations, 10, 11, 32 which are used in our pulmonary laboratory and widely throughout Israel-and the actual lung volumes measured. These results are consistent with prior studies on European populations 13, 14, 33 and populations of European descent 34, 35 and are not unexpected since the ECSC equations were compiled from a series of studies conducted between 1954 and 1980. The underestimation seen with these equations, 33 as noted also in our results, is likely to be due to both anthropomorphic changes as well as changes in the standardization of lung function measurements. The use of a prediction equation not suited to the characteristics of a large population could cause misclassification of subjects and has important public health care implications.
We conclude that there are significant differences between commonly used prediction equations and the prediction tools used for referencing the lung function in the Jewish population. This finding is also relevant for other European countries or countries with large populations of European descent, where the prediction equations used are derived from data collected from the medical literature and not from a large local population-based survey. 
